Plant pre-tRNA splicing enzymes are targeted to multiple cellular compartments.
Splicing of precursor tRNAs in plants requires the concerted action of three enzymes: an endonuclease to cleave the intron at the two splice sites, an RNA ligase for joining the resulting tRNA halves and a 2'-phosphotransferase to remove the 2'-phosphate from the splice junction. Pre-tRNA splicing has been demonstrated to occur exclusively in the nucleus of vertebrates and in the cytoplasm of budding yeast cells, respectively. We have investigated the subcellular localization of plant splicing enzymes fused to GFP by their transient expression in Allium epidermal and Vicia guard cells. Our results show that all three classes of splicing enzymes derived from Arabidopsis and Oryza are localized in the nucleus, suggesting that plant pre-tRNA splicing takes place preferentially in the nucleus. Moreover, two of the splicing enzymes, i.e., tRNA ligase and 2'-phosphotransferase, contain chloroplast transit signals at their N-termini and are predominantly targeted to chloroplasts and proplastids, respectively. The putative transit sequences are effective also in the heterologous context fused directly to GFP. Chloroplast genomes do not encode intron-containing tRNA genes of the nuclear type and consequently tRNA ligase and 2'-phosphotransferase are not required for classical pre-tRNA splicing in these organelles but they may play a role in tRNA repair and/or splicing of atypical group II introns. Additionally, 2'-phosphotransferase-GFP fusion protein has been found to be associated with mitochondria, as confirmed by colocalization studies with MitoTracker Red. In vivo analyses with mutated constructs suggest that alternative initiation of translation is one way utilized by tRNA splicing enzymes for differential targeting.